There are multiple indicators that measure different aspects of operating room (OR) performance such as OR productivity, satisfaction of patients and staff involved. The choice of these indicator(s) used for monitoring the performance of ORs often impacts how the processes of ORs are organised and managed. However, there is still no consensus in literature on which indicator(s) should be used for monitoring OR performance. In an effort to promote consensus within the healthcare community, this paper discusses potential performance metrics which may be employed for evaluation of ORs, their rationale and their limitations, and explains why a multidimensional approach is critical in assessment of OR performance.
INtRODUctION
Regardless of the types of patients, purpose and level of urgency for surgery, most present-day surgical procedures are carried out in operating rooms (ORs) which are designed and equipped to provide care to patients during surgical procedures. ORs are critical assets to all modern tertiary hospitals. This is because ORs contribute to almost two-thirds of a hospital's total revenue 1 . Moreover, ORs also account for about 40%of the hospital's total expenses which include manpower costs (i.e. salaries of surgeons, anaesthetists, nurses, etc.) 2 , the fixed and operating costs of the surgical facility. Thus, many hospitals that offer surgical services seek to improve the design and operations of their ORs to establish, restore and boost profitability, while retaining the quality of surgical care 3, 4 .
However, any effort to improve the design or operation of ORs is a major undertaking due to the inherent complexity of the processes involved. This complexity can be attributed to several factors. First, determination of a schedule of patient arrival times that balance patient waiting with resource utilisation (e.g. OR, surgeons, nurses, etc.) is a complex problem which includes decisions such as sequencing of patient arrivals, allocation of patients to ORs, and matching of patients with surgical teams. Second, ORs are usually part of a surgical suite where they share common resources required in both reception of arriving patients and post-surgery recovery of patients. In the disposal of post-operative patients, Intensive Care Beds are a vital resource which is unfortunately prone to much utilisation uncertainty due to their multiple users, and this uncertainty is exacerbated in hospitals with Emergency Departments. Therefore managing the patient traffic through a surgical suite requires a holistic approach with account of both upstream and downstream resource requirements. Third, In an effort to promote consensus within the healthcare community and stimulate debate on what metrics would be appropriate for different settings, we describe potential performance metrics which may be employed for the evaluation of ORs, and explain the basis for the selection of these metrics that could be adopted, depending on hospital type.
OPeRAtINg ROOM PeRfORMANce MeAsURes
The phenomenal technological progress accomplished over the years has enhanced the surgical processes that take place in ORs. For example, several surgical procedures can now be done with the aid of technologies such as robots [5] [6] [7] [8] and patients involved get to enjoy the benefits of shorter surgical duration, better clinical outcomes or patient safety. In addition, new technologies such as radio frequency identification (RFID) tags have also been employed by hospitals to track OR assets and movement of OR patients as part of OR performance management process 9, 10 .
Despite all these technological breakthroughs and their applications in ORs to improve the OR performance, it is interesting to note that there is still no consensus in the literature on measure(s) to be used for monitoring OR performance 11 . To compound the non-consensus situation, a number of measures are available for OR performance assessment as accounted in a review article on OR planning and scheduling where Cardoen et al identified several OR performance measures that have been reported in more than 100 papers published after 2000 12 . These include OR utilisation, throughput, waiting time of surgeons, overtime costs, contribution margin, makespan, waiting time of patients and number of cancelled surgeries. It is critical to have a good overview of known OR performance measures before a sound decision can be made with regards to the choice of measure(s) to use. Essentially, all reported OR performance measures can be broadly classified into 2 key groups, namely hospital-centric metrics and patient-centric metrics, depending on whether the quality of patient experience is considered or not.
Hospital-centric Metrics
There are several performance measures of ORs, which are of special interest to the hospital involved due to their impact on productivity or revenue. Since these measures do not take into consideration the experience of patients who have undergone surgeries, we collectively define them as hospital-centric metrics. Some of the commonly cited hospital-metric metrics include OR utilisation, throughput, waiting time of surgeons, overtime costs, contribution margin, and makespan as defined and illustrated in Table 1 .
Patient-centric Metrics
There are also OR performance measures which explicitly account for the experience of patients who have undergone surgeries and have a direct impact on both patient satisfaction and safety. We define these measures as patient-centric metrics. 
Metric Description

OR utilisation
Ratio of time spent* by patients in OR to total OR time available [13] [14] [15] [16] Throughput Number of surgical cases per unit time [17] [18] [19] [20] [21] Waiting time of surgeons Length of time spent by surgeons waiting prior to the start of their scheduled surgeries [22] [23] [24] [25] Overtime costs Additional costs incurred due to performance of surgeries beyond the standard operating hours (8 to 12 hours per day) of ORs [26] [27] [28] [29] [30] Contribution margin
Contribution margin is typically computed in terms of dollar per unit OR time and is the revenue generated by a surgical case less all the hospitalisation variable labour and supply costs [31] [32] [33] [34] [35] Makespan The time at which the last patient of a day leaves the OR [36] [37] [38] *Generally, there are two definitions of time spent by a patient in OR in the literature. It is either the interval from the instant when a patient is wheeled into OR till the point where patient leaves OR or from the point an incision is made on the patient to the point the patient's surgical opening is closed.
may also pose a health or safety concern to the patients concerned since any delay in surgical procedure may prevent them from receiving timely intervention that is necessary to attain the desirable clinical outcome.
DIscUssION
Hospitals should strive for both operational efficiency and quality patient care and should not rely on just one of these metrics or dimensions to assess the performance of its ORs. For example, the OR utilisation indicator is a ratio of time spent by the patient in an OR to the time allocated for the surgical procedure involved (see Table 1 ). Since a high utilisation indicator (i.e. close or equal to 1) is desirable, surgeons may be discouraged from completing their surgical procedures earlier than they can. A utilisation indicator that exceeds one does not reflect favourably on the planning competence of the OR operational managers. As a result, the latter may also favour surgical procedures with longer allocated time since the risk of the utilisation indicator exceeding 1 tends to increase as the total time allocated for surgical procedures decreases.
Thus, a hospital that monitors the performance of its ORs solely based on the OR utilisation indicator may stifle productivity since the OR utilisation metric tends to favour slow surgeons and long surgical cases. It also fails to evaluate the quality of service experienced by OR patients. This may have a detrimental effect on the repute of the hospital that in turn may discourage patients from having their surgeries performed in that hospital. Therefore, a hospital has to take a multiprong approach to evaluating the performance of its ORs where all operational and financial aspects of running ORs as well as the experience of patients involved are taken into consideration. Such an approach has been advocated in a paper by Macario who proposed a scoring system using 8 performance indicators to assess the performance of ORs 46 . These performance indicators, which consist of both hospital-centric and patient-centric measures, are excess staffing costs, start-time tardiness, case cancellation rate, recovery room admission delays, contribution margin per OR hour, turnover times (i.e. set-up and clean-up turnover times for all cases), prediction error (i.e. error in case duration estimates per OR hour) and percentage of prolonged turnovers (i.e. turnovers which require more than 60 minutes). performance management departments tend to be staffed by non-clinicians who are focused on increasing productivity and reducing costs. A concerted effort has to be made to align the goals of the hospital management team with those of OR managers in the selection of OR performance measures. For example, OR productivity cannot be measured and compared across different surgical specialties using the utilisation indicator since they differ in terms of procedure complexity and revenue levels. The hospital management team and OR managers must work out a case mix adjustment formula in the utilisation indicator so that it reflects the OR productivity more accurately and fairly. The Singapore Ministry of Health's It is crucial that the decision as to which OR performance measures to use is made holistically with adequate consideration on several aspects of OR management like service quality, patient satisfaction as well as long-term financial sustainability. It is also important that adequate technical guidance and infrastructural support are made available to the OR teams involved so that (1) they appreciate the importance of tracking the selected OR performance measures, and (2) the performance indicators can be tracked without adding significant administrative workload to the teams.
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